ABSTRACT Peptides with transmitter-like characterisdcs are being found in many brain areas. The application of immunocytochemical and radjoimmunoassay methods has contributed much to {he clarification of these neuronal systems.
of one of these peptides, substance P. The kid clone, isolated after fusion of mouse myeloma cells with hrimmune rat spleen cells, allowed us to obtain a standardized and permanent source of monoclonal substance P antibodies in a culture cell system. This antibody recognizes the COOH-terminal part of substance P in radioimmunoassay down to 10-20 fmol. t does not crossreact with other known mammalian brain peptides tested. By immunofluorescence the antibody was shown to bind specifically and with a remarkably low backgound to nerve terminals and cell bodies located in clearly defined nuclear organizations of the central nervous system. There is among neurobiologists an increasing interest in the functional significance of naturally occurring peptides that resemble the known neurotransmitters in their distribution, cellular localization, and release characteristics (see reviews [1] [2] [3] . Among these peptides, substance P and the endorphins have received considerable attention for their possible implication in pain mechanisms and behavior. Substance P has been clearly associated with the transmission of primary sensory information in the spinal cord (4) (5) (6) . This peptide also seems to be related to a variety of other neuronal pathways (7, 8) and it has been reported to be located in synaptic vesicles (9, 10) and larger membrane-bound cellular elements (11) . The peptide seems to coexist in the same neuron with another presumptive neurotransmitter, 5-hydroxytryptamine (12, 13 8.6 ). After 30 min at 4"C the charcoal/dextran absorbed peptide (free) was separated from the supernatant (bound) by centrifugation at 1500 X g for 7 min and the radioactivity was measured in a gamma counter.
Immunocytochemistry. Male adult Wistar rats weighing approximately 250 g were anaesthetized with equithesin and perfused through the heart with cold 4% (wt/vol) paraformAbbreviation: Pi/NaCl, phosphate-buffered saline.
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 aldehyde in 0.1 M sodium phosphate buffer, pH 7.4. The brains were removed, kept in fixative for 2-4 hr, left overnight in the same buffer containing 5% sucrose, and cut into 10-,um-thick sections on a cryostat at -20°C. Sections were immersed in P1/NaCl containing 0.2% Triton X-100 for 15 min at room temperature and then for 30 min at 370C, either in 1:40 dilutions of the Ig fraction of NCI/34 in Pi/NaCl/Triton X-100 or, as controls, in the same antibody preparation previously adsorbed with 200 ,ug of substance P per ml. Assays were also performed with crude culture media from positive and negative clones. Sections were washed several times in Pi/NaCl/Triton X-100 and further incubated with fluorescein isothiocyanateconjugated rabbit immunoglobulin specific for rat IgG (Miles-Yeda) diluted in Pi/NaCl/Triton X-100 for 40 min at 370C. The sections were mounted in 3:1 glycerol/Pi/NaCl (vol/vol) after several washes and examined under a Leitz Sm-Lux or a Leitz Dialux 20 microscope equipped with a 50-W high pressure mercury lamp and epifluorescence optics. The following (Leitz) filter combination was used in a single block: excitatories KP 590 X 2 plus GG 455, suppressor K 515, and a dichroic beam splitting mirror TK 510. Photographs were taken with a Leitz Orthomat camera with Kodak 400 ASA Tri-X panchromatic film. RESULTS 3-endorphin did not compete with substance P at any of the concentrations investigated, but approximately 5% crossreactivity was found with the related peptide eledoisin (Fig. 2) . The five-, six-, and eight-amino-acid COOH-terminal fragments of substance P and intact substance P were shown to be about equally able to displace labeled substance P (Fig. 2) .
In ordinary radioimmunoassay conditions the monoclonal antibody allowed the accurate measurement of nonlabeled substance P to 10-20 fmol. Tissue extracts, as obtained for substance P radioimmunoassay, do not interfere with the assay (results not shown). A linear relationship was observed between the amount of tissue extract and the detectable substance P (Fig.  3) .
Sections of rat brain stained by indirect immunofluorescence with NCI/34 antibody (crude supernatants) gave a strong fluorescent reaction in the substantia gelatinosa of the spinal cord, 0.50 1.00 Substance P. ng   FIG. 3 . Application of the monoclonal antibody to the estimation of tissue content of substance P. Linearity of the displacement of the radiolabeled substance P by increasing amounts of tissue extracts. but this was obscured by an, exaggerated fluorescent background. On the other hand, the partially purified Ig fraction resulted in a very intense and remarkably clean immunofluorescent reaction, primarily located in the substantia gelatinosa of the dorsal horn (Fig. 4A) . The fibrillar immunofluorescence corresponded well to the terminal field of primary sensory neurones, which has been claimed to contain substance P (4-6). The fluorescence in the neuronal elements was not observed in controls in which the antibody was preincubated with substance P (Fig. 4B) . A similar intense reaction was found in many other brain areas such as the substantia nigra of the mesencephalon (Fig. 4C) , and the distribution of the fluorescence was largely as described in previous reports (7, 8) . However, the fluorescence was more circumscribed and there was less background than that shown by conventional anti-substance P guinea pig sera. In addition, cell bodies were revealed in a variety of regions of the central nervous system after the inhibition of axonal transport by colchicine (Fig. 4D) . DISCUSSION Monoclonal antibodies produced by hybrid myelomas (14) are potentially superior to conventional antisera in a variety of ways (20) . Many hybrid myelomas (21) candidates has not been properly tested. The work described in this paper was intended to explore these aspects. The clone derived is a mouse-rat hybrid and no attempt was made to grow it in immunosuppressed or immunodeficient animals. All the antibody was prepared from culture fluid; this does not contain carrier rat immunoglobulin, which would have been present in the seruni of tumor-bearing rats. Indirect immunofluorescence is improved when no carrier rat immunoglobulin is present. This may be one of the reasons why the immunofluorescence was so free from background.
The results demonstrate that the NCI/34 is suitable for radioimmunoassays, but no precise kinetic studies were performed to establish the affinity of the NCI/34 antibody. The method of screening for the presence of antibody-producing clones, involving radioimmunobinding, ensured adequate affinity because low-affinity antibodies would have been scored negative. The crossreactivity experiments indicate that the antibody recognizes a determinant located in the COOH-terminal portion of substance P. Complete crossreactivity was obtained with three COOH-terminal fragments of substance P; 5% crossreactivity was obtained with the nonmammalian related peptide eledoisin, which shares with substance P the three COOH-terminal residues as well as proline in position 2 and phenylalanine in position 7. The antibody performed well in a nonequilibrium competitive radioimmunobinding assay and femtomole amounts of the synthetic peptide could be detected. Under the conditions used, tissue extracts did not interfere with the assay. Different groups have reported quite different concentrations of substance P in the central nervous system. For the hypothalamus they were (ng/g): 884-659 (22) , 280 (23) , and 120 (19) duced perpetually is of great value for a standard reagent, particularly when it may be difficult to reproduce immunological results. NCI/34 and other monoclonal antibodies could eventually be adapted to electron microscopical studies or to techniques such as radioimmunoassay with labeled antibody or immunoradioautography using internally labeled antibody prepared in culture.
